A cross-hybridizing DNA fragment to Vibrio cholerae toxR was cloned from the nonpathogenic light organ symbiont Vibrio fischeri, and three proteins homologous to V. cholerae ToxR, ToxS, and HtpG were deduced from its DNA sequence. V. fischeri ToxR was found to activate a V. cholerae ToxR-regulated promoter, and an antiserum raised against the amino-terminal domain of V. cholerae ToxR cross-reacts V. fischeri ToxR. While cholera epidemics are well documented phenomena, the habitat of the organism between outbreaks of human disease is controversial, though the ability of Vibrio cholerae to survive in estuarine habitats in association with marine invertebrates has been documented (2). The capacity to persist in marine environments has also been well established for several nonpathogenic Vibrio species, especially those that are luminescent and colonize the light organ, a highly evolved and complex structure of certain species of fish and squid (7, 13) . Like V cholerae which shows specificity for the human intestine, the luminous bacteria that colonize the light organ exhibit a narrow host range and a highly specific tissue tropism. Moreover, like V cholerae, many light organ symbionts live in at least two very different environments, either as free-living forms in seawater or as forms closely associated with their marine hosts, adjacent to the epithelium of the light organ in a manner that resembles the juxtaposition of V cholerae and the mucous membranes of the human intestine (8).
While cholera epidemics are well documented phenomena, the habitat of the organism between outbreaks of human disease is controversial, though the ability of Vibrio cholerae to survive in estuarine habitats in association with marine invertebrates has been documented (2) . The capacity to persist in marine environments has also been well established for several nonpathogenic Vibrio species, especially those that are luminescent and colonize the light organ, a highly evolved and complex structure of certain species of fish and squid (7, 13) . Like V cholerae which shows specificity for the human intestine, the luminous bacteria that colonize the light organ exhibit a narrow host range and a highly specific tissue tropism. Moreover, like V cholerae, many light organ symbionts live in at least two very different environments, either as free-living forms in seawater or as forms closely associated with their marine hosts, adjacent to the epithelium of the light organ in a manner that resembles the juxtaposition of V cholerae and the mucous membranes of the human intestine (8) .
These similarities led us to examine the hypothesis that genes that are required for the infection of the human intestine by V cholerae are present as structural and functional homologs in nonpathogenic marine Vibrio species. One such protein, ToxR, regulates cholera toxin production as a function of environmental variables (4) . Here we describe the cloning and initial characterization of a ToxR homolog from the nonpathogenic light organ symbiont Vibrio fischeri. The data presented below raise the possibility that homologous regulatory sequences may be required for pathogenicity by one species and for symbiosis by another. Amino The region between the above noted amino-and carboxyterminal sequences is only 30% similar and consists of the final half of the N-terminal domain, the hydrophobic sequence which may constitute a transmembrane domain, and the beginning of the C-terminal domain (amino acids [aa] 110 to 225). However, within this less conserved region, there is a striking conservation of the number and spacing of proline residues (Fig. 1A) . In comparing V fischeri ToxR with V parahaemolyticus ToxR, the same general structural plan is evident, including the presence of two major homologous blocks that are separated by a putative transmembrane domain and by a region with little amino acid identity (Fig. 1A) .
The overall amino acid identity between V. fischeri ToxS and V. cholerae ToxS is 42%. Although less is known about the functional domains of the ToxS protein of V cholerae (3), a putative amino-terminal, hydrophobic, membrane anchor region is retained in V fischeri ToxS (Fig. 1B) .
The third open reading frame of the 4.7-kbp XbaI fragment predicted an amino acid sequence that clearly aligned with the HtpG family of heat shock proteins ( cholerae ToxR. In a prior section of this report (Fig. 1) , comparison of the predicted V cholerae ToxR and V fischeri ToxR amino acid sequences was discussed. In addition to the identification of homologous regions reported, the alignments depicted in Fig. 1 show that the initiating methionine residues for both V. fischeri ToxR and V (3, 12) . The conservation of this motif is additional evidence that this genomic organization might be biologically significant. The arrangement of toxR and toxS is also found to be similar in V parahaemolyticus (6) in which toxR and toxS are adjacent and transcribed in the same direction.
Our work on ToxR was initiated because of the well-known discrepancy between the conditions for achieving maximal activation of ToxR-regulated promoters in vitro (pH 6, 30°C) and in the human intestinal milieu (pH 7.8, 38°C). We therefore speculated that ToxR might regulate functions involved in the survival of V. cholerae in the marine environment, and this led us to hypothesize that evolutionary precursors or homologs of proteins and functions required by pathogenic V. cholerae might be found in nonpathogenic Vibrio species whose biological niche (the light organ symbionts) predates Homo sapiens. We tested this idea by screening these strains for V cholerae toxR homologous sequences by using low stringency Southern hybridization and a V cholerae toxR probe. Both V. cholerae ToxR and V parahaemolyticus ToxR apparently regulate genes involved directly and indirectly in virulence, including exotoxin production and functions involved in colonization (4) . V fischeni, a luminous, nonpathogenic marine organism, colonizes the light organ of several fish and squid species (5, 13) . Bacterial determinants involved in attachment, colonization, and persistence in the light organ have not yet been identified, although an experimental system has been developed to begin to address these questions (13) . We hypothesize that V fischeni ToxR will be required for successful colonization of the light organ by V fischeri. We have identified, and are characterizing, an ADP-ribosyltransferase from V fischeri and are constructing V. fischeri ToxR null strains. The rigorous test of the in vivo function of V fischeri ToxR will require characterizing complemented V. fischeri ToxR null strains for their capacity to function as symbionts and a more complete description of the ADPribosyltransferase and its in vivo target.
Nucleotide sequence accession number. The complete nucleotide sequence of V fischeri htpG toxR toxS has been submitted to GenBank and EMBL and given accession no. L29053.
